Materials and Methods

Construction of expression vectors.
The expression vector pGEX-6P1-p62 UBA (residues 391-438 of the p62 UBA domain) was constructed using PCR. An
Protein sample preparation. (24) and further refined using the program CNS (25) and the program REFMAC (26) in conjunction with the CCP4 suite (27) .
Diffraction data and refinement data statistics are shown in Table 2 .
Residual dipolar coupling RDC samples were prepared as described 
Results
Crystal structure of the p62 UBA domain.
A polypeptide composed of residues 391-438 of mouse p62 was expressed, prepared and crystallized. Using these crystals, the structure of the p62 UBA domain was determined at 1.4 Å resolution (Table 1) Table   S1 ). Analytical ultracentrifugation experiments showed that the apparent molecular weights of W414F and I433A mutants are 6,500. NMR results combined with results from the hydrodynamic studies suggest that the dimeric structure of the p62 UBA domain in solution is identical to that in the crystal.
NMR analysis of the dimer-monomer equilibrium in solution.
Interestingly, the 1 H- 15 N correlation spectrum measured at a concentration of ~1 mM p62 UBA domain contained an additional set of cross-peaks with intensities much weaker than the aforementioned main peak set. We assumed that these weak cross-peaks were due to monomeric p62 UBA domain. To test this assumption, we examined the concentration Although the p62 UBA domain does not contain a di-leucine motif, significant CSPs were observed at the corresponding two residues ( Figure 3B (green) ). Upon ubiquitin binding, CSPs were identified throughout helix-1 and -3, but helix-2 was unperturbed.
These features agree with the conventional ubiquitin-binding mode of canonical UBA domains (37, 38) , indicating that it is highly likely that the p62 UBA domain binds ubiquitin in a manner conserved among canonical UBA domains.
ITC experiments: dimerization of the p62 UBA domain.
To quantify the interaction between p62
UBA subunits, we examined dissociation of the dimer using isothermal titration calorimetry 
ITC experiments: ubiquitin binding of the p62
UBA domain.
The interaction between the p62 UBA domain and ubiquitin was also studied using Figure S2B and S2D) . Figure S4 ). In consistent with these data, both derivatives of GST-p62 bound more strongly to the tetraubiquitins than GST-WT p62, presumably because the UBA domains dominantly exist as active monomers.
ITC (Supplementary
Discussion
Structural determinants of dimerization and ubiquitin binding.
In this work, we revealed that p62 UBA could form a stable dimer in aqueous solution.
Although a few other UBA dimers have been reported, they are structurally unrelated to the p62 UBA dimer, because it is apparent from the structures that these UBA dimers can bind ubiquitin without dissociating to monomers (17) . The dimerization of p62 UBA was recently reported by others (39) , in which a docking model was presented for p62 UBA dimers. When compared with our crystal structures, significant differences were found, for example, in the relative position and orientation of two UBA units in the dimer.
These differences likely reflect limited information used for the model building in the report.
The comparison of two p62 UBA structures determined in our study reveals several critical determinants of UBA dimerization and ubiquitin binding. Supplementary Figure S6 shows the structure of a representative UBA from Dsk2 and p62 UBA in free form. In Dsk2 under PDB ID 3B0F (crystal structure of the p62 UBA domain) and 2RRU (NMR structure of the p62 UBA domain in complex with ubiquitin). Each plane is the top view of the structure. The extended helix-3 formed upon binding to ubiquitin crashes to each other when these formed dimer. (B) Model structures of the free-form crystal structure (cyan) and the Ub-bound NMR structure (green) of p62 UBA complexed with ubiquitin (orange). The models were built based on the complex structure between Dsk2 UBA and ubiquitin (PDB ID: 1WR1, pink and orange). Backbone atoms of the UBA domain from the complex were superimposed onto p62 UBA (cyan and green). The Dsk2 UBA domain from the original complexes was then removed. The C-terminal tail region including the Tyr 435 sidechain, which has been shown to undergo a critical homomeric interaction for dimerization in this study, crashes with ubiquitin in the complex-form model (top), whereas no crashing is observed in the model generated from Ub-bound form p62 UBA structure. These models suggest that the dimerization and ubiquitin binding are mutually exclusive. 
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